Real time MR thermometry, usually based on the protonresonance frequency shift, is a key aspect of MR-guided focused ultrasound procedures. The desire to monitor the entire sonicated volume has led the field towards the development of rapid, 3D methods; however, acquiring fully sampled 3D volumetric data to monitor heating is time consuming, and so fast methods must be developed in order to meet the spatial and temporal requirements for adequate monitoring of thermal therapy. The data acquisition efficiency of spiral trajectories is higher than that of Cartesian scanning. Therefore, spiral trajectories are an attractive way to improve temporal resolution while maintaining spatial resolution in MR thermometry. We have recently reported that a variation on the traditional spiral-out trajectory, called the redundant spiralin/out trajectory, has certain advantages in terms of off-resonance performance. We hypothesize this trajectory to also be advantageous for PRF thermometry. Here, we have implemented this -in/out trajectory, compared its performance in terms of the focal spot size and position shift versus a Cartesian and spiral-out acquisition, and have generated rapid 3D temperature maps using the method.
Background/introduction
Real time MR thermometry, usually based on the protonresonance frequency shift, is a key aspect of MR-guided focused ultrasound procedures. The desire to monitor the entire sonicated volume has led the field towards the development of rapid, 3D methods; however, acquiring fully sampled 3D volumetric data to monitor heating is time consuming, and so fast methods must be developed in order to meet the spatial and temporal requirements for adequate monitoring of thermal therapy. The data acquisition efficiency of spiral trajectories is higher than that of Cartesian scanning. Therefore, spiral trajectories are an attractive way to improve temporal resolution while maintaining spatial resolution in MR thermometry. We have recently reported that a variation on the traditional spiral-out trajectory, called the redundant spiralin/out trajectory, has certain advantages in terms of off-resonance performance. We hypothesize this trajectory to also be advantageous for PRF thermometry. Here, we have implemented this -in/out trajectory, compared its performance in terms of the focal spot size and position shift versus a Cartesian and spiral-out acquisition, and have generated rapid 3D temperature maps using the method.
Methods
All experiments were performed in a gel phantom, using an MR-compatible FUS system (RK-100, FUS Instruments Inc., Toronto) in a 3T whole-body scanner (Siemens Trio). 2D temperature maps were acquired with a GRE sequence with TR/TE = 15/6 ms, FA = 25-degrees, FOV = 64 mm2, matrix size 64 x 64. Spiral readout length was 1 ms. Spatial/temporal resolution for Cartesian imaging was 1x1x3 mm3/960 ms vs. 1x1x3 mm3/720 ms for spiral imaging. The size and relative shift of the ultrasound hot spot was measured for all acquisitions. For spiral 3D acquisitions, rapid imaging was achieved by a 3D interleaved stack-ofspirals spoiled GRE sequence. All 3D phase encoding partitions per volume were collected, for a total acquisition time per volume of 4.1 seconds. The redundant-in/out method requires 2X averaging, yielding a temporal footprint of 8.2 seconds per volume, reconstructed in a sliding 1 University of Virginia, Charlottesville, Virginia, United States Full list of author information is available at the end of the article Fielden et al. Journal of Therapeutic Ultrasound 2015, 3(Suppl 1):P18 http://www.jtultrasound.com/content/3/S1/P18 window fashion. Sixteen 3D slices were acquired; all other MRI parameters were identical to the 2D experiments.
Results and conclusions Figure 1 shows that, using spiral readouts, temperatureinduced phase does not cause a position shift of the ultrasound focal spot. In Figure 2 , we show that the hot spot is better resolved when using the redundant in/out method, compared to spiral-out. Figure 3 shows timetemperature plots of the hot spot, indicating the measured temperature using the spiral methods is accurate. Figure 4 shows 3D temperature maps obtained using the spiral-based methods. In conclusion, the efficiency of spiral readouts supports rapid generation of 3D temperature maps, with no shift of the focal spot. The reconstruction can easily be performed in real-time, with little concern for computational burden that exists for constrained methods. Fielden et al. Journal of Therapeutic Ultrasound 2015, 3(Suppl 1):P18 http://www.jtultrasound.com/content/3/S1/P18
